Background: The world over, the multimorbidity associated with aging is proving to be a great socio-economic burden. The loss of muscle mass and increased adiposity are typical of aging, but the number of longitudinal studies focusing on sarcopenia or sarcopenic obesity is currently limited. We launched a hospital-based, prospective cohort study of aged people (HAPPY cohort) to identify the impact of sarcopenia or sarcopenic obesity on the occurrence of chronic diseases including diabetes, or its vascular complications, osteoporosis and fractures, cognitive dysfunction, and mortality. Methods: For the HAPPY cohort, we aim to recruit 1,000 patients, aged 60 years and above, who visit a tertiary hospital from August 2015. Participants are scheduled to undergo repeated waves of assessment every 3 years; this will be done for 9 years or until death. Results: General information and medical histories are collected through personal interviews and validated using medical records. Participants' physical function is assessed by diverse functional assessments including the hand grip strength test, timed up and go test, and the chair rise test. The functional status, nutritional status, levels of depression, and cognitive function of the participants are also measured. The body compositions are assessed using dual energy X-ray absorptiometry and the bioelectrical impedance method. The biochemical parameters related with chronic diseases are measured. Conclusion: This HAPPY cohort study will provide results relevant to the many health issues among elderly Asians (among at least elderly Koreans). These results will help us gain a better understanding of sarcopenia and sarcopenic obesity, as well as the cross-sectional and longitudinal association of chronic diseases and mortality among elderly adults.
INTRODUCTION
In recent times, Korea has been experiencing a rapid aging of its population, due to decreased birth rates and the extension of life expectancy 1) . According to Statistics Korea, the population of adults aged 65 years or older was 9.1% in 2005, and is expected to reach 15.7% in 2020 and 24.1% in 2030; this growth is the fastest among all the Organization for Economic Co-operation and Development countries 2) . The consequences of this increase in the elderly population include an increase in the social burden of chronic metabolic complications 2) . In terms of medical expenses too, there has been a drastic increase in the medical expenses pertaining to the treatment of cerebrovascular and cardiovascular diseases 3) . Aging-related changes in body composition are reported to be negative, with the levels of body fat increasing constantly and the muscle mass and strength decreasing 4) . These changes lead to various physical and physiological changes, and also affect physical function and the risk of various diseases [5] [6] [7] [8] [9] [10] . In terms of the reduction of muscle mass due to aging, the reduction to an extent that it leads to limited muscle strength or performance of physical activities is referred to as 'sarcopenia,' which has various negative effects on the health of the elderly. Therefore, it is imperative to accurately evaluate the current state of sarcopenia and explore various cures for it 11, 12) . In the United States, about 30%-40% of elderly adults, aged 70 years or older, have sarcopenia 13, 14) . Currently, countries around the world are working towards effectively identifying the actual status of sarcopenia, to establish a cohort of patients with myopathy, for the purpose of reducing the accompanying disability/ mortality 15) . However, in Korea, the research being done on this topic is still insufficient.
Decreased muscle mass, due to aging, causes a decrease in muscle strength and thereby, an increase in the risk of falling, resulting in incidences of fractures of the femur [16] [17] [18] . It has been reported that even after adjusting the various risk factors such as age, sarcopenia still increases the risk of falls by 2.5 times in elderly adults, especially elderly men 7) . In addition, sarcopenia among the elderly is eventually the main cause of the increase in mortality 19, 20) . Aging-related changes in the body composition are known to increase not only the risk of functional impairment and physical disability, but also the risk of metabolic disorders 21) . The aging-related decline in muscle mass and increase in body fat mass/visceral fat are characteristic of sarcopenic obesity and are closely associated with increased risks of cardiovascular/cerebrovascular diseases, and type 2 diabetes mellitus 22, 23) .
Sarcopenic obesity among the elderly is consistent with the concept of metabolic diseases (diabetes mellitus/cardiovascular/cerebrovascular diseases), so it is called the 'Metabolically Obese but Normal Weight'. Sarcopenic obesity is more prevalent in the Asian population whose body weight is relatively normal compared to the westerners.
The increased growth rate of the elderly population in Korea and the association of sarcopenia/sarcopenic obesity with chronic diseases such as diabetes and cardiovascular/ cerebrovascular disease has led to an increase in the loss of socio-economic costs, due to the increased financial burden of appropriate treatment. This indicates that the need for studies focusing on the accurate diagnosis criteria, as well as the prevalence and etiology of sarcopenia/sarcopenic obesity is extremely high, so as to be able to develop appropriate therapeutic technologies for the treatment of elderly Koreans 24) . Based on these epidemiologic trends and medical needs, we have launched a hospital-based, prospective longitudinal cohort of adults, aged 60 years or older, to comprehensively assess the impact of sarcopenia/sarcopenic obesity on chronic medical conditions and mortality. We plan to follow up on participants for 9 years, for long-term evaluation. This article aims to describe the study design and other details of the HAPPY aging cohort.
MATERIALS AND METHODS

Aims of the Project
The aim of our study is to investigate the cross-sectional and longitudinal association of sarcopenia/sarcopenic obesity with chronic diseases, including diabetes mellitus and its vascular complications, osteoporosis and fractures, cognitive dysfunction, and mortality among an elderly cohort. At the baseline, we will measure the clinical and biochemical risk factors relevant to sarcopenia/sarcopenic obesity.
Study Design
We have designed a hospital-based prospective cohort study. Participants are recruited at the Seoul National University Bundang Hospital (SNUBH), Seongnam City, South Korea. The study protocol has been approved by the Institutional Review Board of SNUBH (approval number: 1507-306-306). All the participants will provide written informed consent before participation in the study, which has been registered at https://clinicaltrials.gov (ClinicalTrials.gov ID: NCT02640872)
1) Inclusion criteria
• Men and women over 60 years of age, capable of communication with the research team and functional assessment.
• Written and signed consent to participate in this cohort study.
2) Exclusion criteria
• Those who have received cancer treatment in the past 6 months (including, chemotherapy, radiation therapy, and surgery). Participants whose treatment for cancer ended 6 months prior to the start of the study can be included.
• Those with severe liver disease (Child Pugh class C liver cirrhosis, decompensated liver disease), end-stage renal disease, and decompensated chronic renal failure (NYHA class IV).
• Those who are deemed unfit to undergo the evaluation of exercise performance as well as to respond to the questionnaire survey, due to severe cognitive impairment.
• Those who are newly diagnosed with thyroid dysfunction (within a span of 3 months prior to the study) and are starting medication therapy. (Cases in which there have been no changes in the dosage of thyroid hormone and antithyroid medications for a period of 3 months, and those do not have symptoms associated with thyroid dysfunction can be included).
• Those with acute diseases that require hospitalization.
• Those who are deemed unfit for participation in this study by the investigator.
Target Sample Size and Justification
This study is a prospective observational study that aims to evaluate the relationship between the baseline index at the time of the participation in the study and the morbidity of chronic illnesses occurring during the follow-up period. In relation to the chronic diseases that are the outcome variables, including diabetes, hypertension, obesity, myocardial infarction and angina, cerebrovascular disease, osteoporosis, fracture, thyroid dysfunction, heart failure, chronic kidney disease, and chronic liver disease, a comprehensive study is to be performed.
Although there is plenty of data on the prevalence of chronic diseases in Korea, there is only a limited number of studies on their incidence rates. The incidences of each chronic disease in Korea are identified through the review of literature (Table 1) . Based on this, the outcome event should have an incidence rate of 18.2% per 3 years to obtain statistical significance after the first follow-up observation for 3 years, and an incidence rate of 9.1% after the second follow-up observation for 6 years. Based on the aforementioned information, it is possible to verify the statistical significance of cases of hypertension with high incidence rates, but in the cases of myocardial infarctions or strokes with low incidence rates, it is difficult to achieve statistical significance. However, this study does not plan to limit itself to cardiovascular and cerebrovascular disease, and myocardial infarctions or strokes. One of the objectives of the study is also to analyze relevant diseases such as angina pectoris or transient ischemia. In addition, since we plan to combine various chronic diseases as listed in Table 1 , and analyze them as the composite endpoint, it is considered that the limitation of statistical significance can be overcome.
The sample size of the present study was calculated as follows. Based on the incidence rate of major diseases in South Korea, we defined an α-cutoff of 5% and a β-cutoff of 20%. The exposure rate is estimated as 0.1 and relative hazard as 2.0. The total event is estimated to be 182. Consequently, the recommended number of study participants is 1,000 (80% power, significance level p<0.05) (Clinical and Translational Science Institute, UCSF, http://www.sample-size.net) ( Table 2 ).
Study Participant Recruitment Plan
The participants who meet the inclusion criteria are recruited after the overview and purpose of the study are explained to them. The principal investigator and the sponsor do not rule out the participation of patients based solely on their race or socio-economic status. We try to enable patients to participate in this study, as long as they meet the study's inclusion criteria.
The first phase of the study will take place over 3 years, which will serve as the first quarter, and recruitment for the participants for the first year of the first quarter will begin. If a patient agrees to participate in the study and is selected, a questionnaire survey will be conducted to evaluate the Physical Activity Scale, which includes medical history, biomarkers, muscle strength, exercise ability, body composition and cognitive function. Thereafter, each participant will visit the hospital in 3-year intervals and be tested for the predictors of morbidity or the exacerbation of chronic illness, through changes in the various indicators and the measurement of indices.
Observation Items, Clinical Test Tems, and Observational Examination Method
Measures assessed at the baseline will be repeated in every evaluation, as shown in Table 3 . 
1) Baseline Study
(1) Demographics and anthropometric measurements At the baseline examination, the demographics, general health status, and social history such as alcohol consumption, smoking status, physical activity, and any family history of chronic diseases are assessed using self-completed questionnaires. We define ex-smokers as those who have smoked more than 100 cigarettes in their lifetime, but who do not smoke at present. Physical activity is divided into 4 categories: (1) none, (2) regular walking, which is defined as walking -30 min per day, at least 3 days a week, (3) regular exercise, which includes activities such as fast walking, tennis, regular cycling, and moderate-intensity daily activities such as mopping the floor ≥30 min a day, at least 3 days a week, (4) vigorous exercise, which includes running, fast cycling, and climbing >20 min a day, at least 3 days a week. Participants are asked to wear light indoor clothing when their height and weight are measured using a distal electronic scale. The body mass index is calculated by dividing the weight (kg) by the height squared (m 2 ). The waist circumference is measured at the midline between the lowest rib margin and the iliac crest, using a measuring tape. The hip circumference is measured at the maximum protuberance of the buttocks, and the waist-hip ratio (WHR) is calculated. The thigh circumference is measured at the mid-thigh level, between the inguinal crease and the proximal border of the patella. Systolic and diastolic blood pressures are measured with an electronic blood pressure meter (HEM-7111, Omron Healthcare Co., Ltd., Kyoto, Japan) when the participants are seated. Values for blood pressures are measured after 5-minute periods of rest at a heart-level with standardized cuff in a sitting position, and measured twice 5 minute apart and the mean value is used in the analysis.
(2) Physical function and performance To assess physical function, a 4-m walking test, chair rise test and Timed Up and Go test are conducted. The tests are first conducted on the investigators, after which they are conducted on the participants, who are instructed to do their best. Participants are allowed to have rest intervals of at least 5 minutes between the tests. The success/failure and total time to complete the tests (in seconds) are recorded using a stopwatch.
(3) Hand grip strength measurement for muscle strength assessment Grip strength is evaluated using a dynamometer (Takei Scientific Instruments Co. Ltd., Tokyo, Japan) in kg. Participants' dominant arms are kept in a resting position, with the elbow angled properly on a desk, and then, they are asked to grip the dynamometer as tightly as they can, for a maximum of 3 seconds, after which they are allowed to relax their grip. The same test is then conducted for the nondominant arm. This test is repeated again after a 1-to 2-min interval, in the order of the dominant arm and non-dominant arm.
(4) Functional status and physical activities The functional status is assessed using 2 types of questionnaires: the Korean activities of daily living (K-ADL) and the Korean instrumental activities of daily living (K-IADL) which have been validated in previous studies 25, 26) . The K-ADL comprises basic everyday activities including dressing, bathing, eating, walking, and using the toilet, with 3 levels of independence (manage without help, need some help, and need considerable amount of help). The K-IADL consists of 10 questionnaires pertaining to shopping, using a phone, using public transportation, doing light house work, doing laundry, mobility outdoors, preparing meals, taking medicine, and managing money. The levels of the responses are divided into 3 or 4 levels in each question, according to the degree of dependency. In addition, the Physical Activity Scale is assessed using the Korean Physical Activity Scale for the Elderly (K-PASE) 27) . 28, 29) . The IQCODE consists of 26 questions which assess memory and intelligence.
(6) Depression Depressive symptoms are assessed using the Patient Health Questionnaire-9 (PHQ-9) 30) . We administered the Korean version of the PHQ-9 31) . The PHQ-9 is a shorter version of the PHQ, and consists of a 9-item depression module. Each of the 9 items can be scored from 0 to 3, according to the number of days, in the past 2 weeks, in which participants have had depressive symptoms, loss of interest, sleep disorders and suicidal desires. The severity of the depressive symptoms is calculated as a sum of the scores in each item, ranging from 9 to 27.
(7) Nutritional analysis The 3-day food record method is used to assess participants' nutritional status. All the participants in this study are asked to complete a 3-day food record (2 weekdays and 1 day, on a weekend) in the baseline evaluation and the follow-up visit. A trained nutritionist later evaluates the intakes and the intake amounts through an interview. The 3-day food records are analyzed using the CAN-Pro 5.0, a computer-aided nutritional analysis program developed by the Korean Nutrition Society (Seoul, Korea).
(8) Bioelectrical impedance analysis (BIA) for body composition After overnight fasting, the body composition of all the participants (they are asked to wear light clothing) is measured after urination, by a trained nurse, using a BIA machine (Inbody770, InBody, Seoul, Korea), on the same day as the blood sampling. The water intake is restricted before each BIA measurement. At first, participants are placed in an upright position with bare feet, and the instructors enter their identification number, age, sex, and height into the machine. The participants are then instructed to grasp the electrode bars with both hands and to keep both arms at a distance from the trunk. Eight electrodes contact the participants' feet and hands. After the machines are turned on by the instructors, 6 different frequencies -1, 5, 50, 250, 500, and 1,000 kHz -are used on 5 segments of the body: both arms and legs, and the trunk.
(9) Dual energy X-ray absorptiometry for body composition and bone mineral density Whole-body composition measurement is performed using dual energy X-ray absorptiometry (DXA). All the scans have been acquired in accordance with the manufacturers' standard scan and positioning protocols. Images are analyzed using the whole-body software module (QDR v.12.3, Hologic Inc., Bedford, MA, USA). Values pertaining to the total fat and lean mass of the whole body or at each region are obtained. The visceral fat area is also calculated. The bone mineral density is measured at the lumbar spine (L1-L4), femoral neck, and total hip, using DXA (DXA, Discovery W; Hologic Inc., Bedford, MA, USA). The left hip is scanned routinely, but in participants with a left hip fracture or device, the right hip is scanned. The DXA data are analyzed using Hologic APEX software version 5.5.3 in its default configuration.
(10) Biochemical data We instruct participants not to eat food after midnight, on the night before testing. Baseline blood samples are drawn after at least 8 hours of fasting and centrifuged at 3,000 rpm for 10 minutes, at 4℃. The plasma levels of glucose are analyzed using the hexokinase method. High-density lipoprotein cholesterol and low-density lipoprotein cholesterol, and triglyceride levels are measured by homogeneous enzymatic assays and glycerol-3-phosphate oxidase peroxide methods, respectively. An XE-2100 Hematology Analyzer is used for measuring the white blood cell count, hemoglobin level, hematocrit, and platelet count. Aspartate and alanine aminotransferase (NADH-UV method), total bilirubin (bilirubin oxidase method), thyroid function test (electrochemiluminescence immunoassay), blood urea nitrogen (urease/GLDH method), creatinine (Jaffe's kinetic method), calcium (OC/PC method), and phosphorus (Molybdate reduction method) are measured at the central laboratory of SNUBH, as reported previously 32, 33) . The biochemical tests are done immediately after sample collection. Aliquots of serum, plasma, whole blood, DNA, and RNA (PAX gene blood RNA system, Qiagen, Hilden, Germany) are kept in deep freezers until tested (-80℃). All the parameters that we will investigate are shown in Table 3 .
2) Follow-up visit: in 3-year intervals Physical examinations, body composition tests, bone density tests, muscle strength assessments, motor ability assessments, questionnaire surveys, blood sampling tests, and urine tests will be performed as performed at the baseline visit.
The medical history of cases of morbidity associated with new chronic diseases will be investigated in the period between the participation in the cohort and the follow-up observation 3 years later. The chronic diseases include diabetes mellitus, hypertension, obesity, myocardial infarction and angina, cerebrovascular disease, osteoporosis, fracture, thyroid dysfunction, heart failure, chronic kidney disease, and chronic liver disease. The number of visits to the hospital, date of visit, and whether or not to take any medication will be also investigated.
Data Analysis and Statistical Analysis Method
All data are expressed as the mean and standard deviation, or as numbers and percentages. The Kolmogorov-Smirnov test is applied to evaluate the normality of variable distributions. In the case of continuous variables that are not normally distributed, nonparametric analysis is used. Before comparing the variables of the 2 genders, the differences in variances are subjected to Levene's test. The correlations between the variables are analyzed using the Pearson correlation coefficient. Categorical variables are compared using chi-square tests. Comparisons between means are analyzed using Student t-tests or nonparametric t-tests for continuous variables.
Survival analysis is performed based on the Cox-proportional hazards model, in which the factors examined at the baseline visit are considered potential risk factors and the assessment endpoints occurring between the baseline visit and the follow-up observation are used as dependent variables. Further, whether the potential risk factors act as independent risk factors will be examined on single or multivariate analysis. In the first univariate analysis, the hazard ratio is calculated for each risk factor. In the second multivariate analysis, it is conducted including the significant risk factors and the risk factors that have bases to clinically consider in the first univariate analysis. The analyses are performed using IBM SPSS Statistics for Windows, version 20.0 (IBM Corp., Armonk, NY, USA). For all the tests, p<0.05 is considered to be statistically significant.
RESULTS
In this study's hospital-based cohort of the elderly, 1,000 Korean participants aged ≥60 years will be recruited. The body composition, including the whole-body muscle and fat mass, will be assessed. The bone mineral density will be also examined. Biochemistry related with glucose and lipid metabolism will be measured.
DISCUSSION
South Korea is faced with the rapid aging of its population 1) . And, there is a huge necessity for cohort studies, done on the elderly population, to identify the actual situation. In Korea, in particular, it is important to identify the actual conditions of sarcopenia and sarcopenic obesity among elderly adults. The definition and criteria of sarcopenia among elderly adults in Korea have not yet been established; in particular, every study presents the prevalence differently, as each of them used different diagnostic criteria and measurement methods, with discrepancies in the diagnostic indices 24, 34, 35) . Major countries, the world over, have already set standard values, taking into consideration racial ethnicities and continue to announce the prevalence rate using those values 36) . However, considering the fact that there are differences in muscle mass between different racial ethnicities, as shown in the existing study, the limits of the values should be set differently according to the racial ethnicities. Thus, it is important to set a standard value corresponding to the actual conditions of Korea, and to identify the accurate status of sarcopenia based on the standard value in Korea. We also plan to investigate the correlation between obesity and chronic metabolic diseases such as diabetes mellitus and cardiovascular/cerebrovascular diseases that are induced by sarcopenia/sarcopenic obesity in elderly Korean adults. The representative changes in body composition, brought on by aging and characterized by sarcopenia and the increase in body fat mass that are present together, are predicted to be major causes behind the increase in the incidences of cardiovascular/cerebrovascular diseases and senile metabolic diseases, as well as major causes of death and cancer 23, 37) . Therefore, it is necessary to confirm the role of sarcopenia or sarcopenic obesity in causing diabetes and cardiovascular/cerebrovascular diseases, among elderly Koreans. Most of the studies investigated so far are cross-sectional in design, and this is not sufficient to accurately determine the precursors of causative diseases. Therefore, it is required to elaborate on the precise risk level for each disease associated with sarcopenia/sarcopenic obe-sity, and analyze the causatively associated factors by establishing a long-term cohort study in the elderly.
Finally, we will elucidate on the causative factors and the development of prevention methods. In a rapidly aging society, the increase in the medical expenses of the elderly is a major burden on the national economy 2) . In order to reduce this burden, it is necessary to establish a healthy aging model. And, in order to construct a healthy aging model, it is imperative to identify the risk factors and inducers of sarcopenia and sarcopenic obesity. For such identification, it is necessary to analyze various factors such as the individuals' exercise frequency and intensity, body composition and biomarkers, and to confirm their association with disease occurrence or mortality through a long-term, prospective cohort study.
This study puts forth several points that differ from those of previous studies. The Korea Longitudinal Study of Health and Aging (KLOSHA) study in which our hospital has been the leading participant is representative of the Korean cohort study in the aged people 38) . Although the KLOSHA was conducted in 1,000 elderly people in the community, it has the disadvantage of lower follow-up rate, and the morbidity rates of chronic diseases presented by it is also lower than those of the hospital cohort.
In addition, the number of large-scale studies pertaining to the elderly is extremely limited in Korea, and studies, the world over, on the predictive factors of chronic disease in elderly adults, are rare. This study performs the DXA test, which is considered as the gold standard in the measurement of bone mineral density and body composition, including fat mass and muscle mass. We also assess cognitive function, mental health, and the quality of life using standard questionnaires, so there is the advantage of being able to study the relationship between these factors and the health of the elderly adults.
This study has no criteria for discontinuation unless a patient withdraws his/her consent. In the follow-up observation study, the patient will be contacted primarily by telephone or else, by mail, if he/she does not show up at the hospital during the scheduled follow-up period. If participants cannot be reached, or if they refuse to visit the hospital, they will be dropped from the study. As for the cases of patient death, we will collect the data and collectively confirm the death through the survey report of the Statistics Korea on the Death Statistics.
In conclusion, the HAPPY cohort is a well-organized prospective cohort study focusing on body composition and its relationship with chronic health conditions in the elderly Korean population. Although our cohort is not communitybased, hospital-based cohorts have the advantage of providing detailed information about comorbidities, convenience in follow-up, and ease of continuing data collection. Regular follow-ups with the same protocols, in 3-year intervals, will help us expand on the current findings and enable us to dissect the possible factors of pathologic aging, in this cohort.
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